Preferred running head: Strength training in soccer players
Effects of strength training on squat and sprint performance in soccer players  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55 Introduction 81
Whilst the total distance covered in an elite soccer match can total as much as 8-12 82 km (5, 15) , it is the short high-intensity sprints that represent the crucial game-83 changing moments. These sprints typically last from 2-4 seconds over distances of 10 84 -30 m, with players performing 17-81 sprints per game, accounting for up to 11% of 85 the total distance covered during a match (5, 15, 27, 31) . Moreover sprinting ability 86 (both acceleration and maximum sprint speed) are able to distinguish soccer players 87 from different standards of play, in both adult (27) and youth soccer (9) . 88 89 Strong correlations have been reported between short sprint performance and lower 90 body strength, assessed using free weight back squats (7, 10, 18, 21, 25, 35 analysis concluded that improvements in lower body strength transfer to 96 improvements in sprint performance (<30 m) (30). This is likely due to stronger 97 athletes developing higher peak ground reaction force and impulse, which have been 98
shown to be strong determinants of sprint performance (11, 32, 33) . Good 99 associations are also reported between maximum ground reaction force and maximal 100 sprinting velocity (r = 0.60) (32), suggesting that increasing strength, or maximal 101 force production, may also improve acceleration and maximal sprinting velocity. 102
103
During sprinting, contact times of ≥ 200 ms (222 ± 18 ms) have been observed during 104 the initial acceleration phase, reducing to <200 ms (169 ± 7.9 ms) during the maximal 105 velocity phase (12), illustrating that high rates of force development (RFD) are 106 essential for effective acceleration during sprinting. Importantly, maximal strength is 107 reported to be the most important factor in maximizing power output when ground 108 contact time or movement duration is >200 ms (11, 32, 33) . When increasing 109 maximal strength, an athlete's body mass will normally show minimal change, 110 therefore if a higher force is applied to a similar mass acceleration increases. 111
Additionally higher strength levels are associated with higher RFD (3, 22, 23, 37) . 112 This is likely to be the case for team sport specific sprint distances of ≤20 m, 113 however, the relationship between maximum strength and sprint performances is 114 likely to diminish as the distance increases. As the sprint distance increases it has 115 been proposed that performance is affected more by the stretch shorten cycle and that 116 the relationship between maximal strength and sprint performance is less apparent (4). 117
118
Despite these factors there is limited research documenting whether changes in 119 strength are associated with changes in sprint performance (6, 8, 29) . Chelly et al., (6) 120 observed an improvement in back squat strength, jump and sprint performance in 121 junior soccer players following a 2-month back-squat training protocol. Similarly, a 122 study by Ronnestad et al. (29) as well as decreases in sprint times over 5m (7.6%), 10m (7.3%), and 20m (5.9%). 130
131
With numerous studies reporting that stronger athletes perform better during short 132 sprint performances (4, 7, 10, 11, 18, 21, 25, 35, 37) , it may be that increasing lower 133 body strength, through a simple training intervention, is likely to result in improved 134 performance during short sprints and may therefore enhance soccer performance (5) One repetition maximum back squat was assessed via a standardized protocol, with 186 warm up loads approximated via individual training loads (3). During all attempts, the 187 participants were required to squat to a depth where a 90° knee angle was achieved. 188
This angle was gauged prior to the warm up sets using a goniometer, with a bungee 189 cord fixed at a height where it contacted the buttocks while the subject was in this performances (4, 7, 10, 11, 18, 21, 25, 35, 37) . Romanian deadlifts and Nordic lowers 215
were implemented in light of the high incidence of hamstring strain injuries reported 216 within soccer (36) and the injury prevention benefits of such strengthening exercises 217
(1, 2, 26). In addition the subjects were also familiar with these exercises. (Table 2) . Small but significant (p < 0.001) increases in sprint 255 performance, were also observed over each distance (Table 2) greater in the previous study (8), which could be due to the differences in duration (6 301 vs. 8 weeks) and the time in the season (pre-season vs. in-season). Similar changes in 302 back squat strength were also observed by Ronnestad et al. (29) , after a 7 week 303 strength training intervention in youth soccer players, although they observed minimal 304 changes in 10 m sprint performance. 305
306
The current study was an in-season intervention with a group of elite level soccer 307 players that was incorporated into the existing training and competition schedule of a 308 professional club. As such, due to the concurrent focus on multiple fitness attributes, 309 it is possible that changes in maximum strength were less than would be achieved in a 310 program where this was the primary focus. The incompatibility between strength and 311 endurance training has long been recognized, with concurrent training resulting in 312 reduced improvements in strength and power (14, 19) . Whilst other research has 313 reported little to no decrements in strength training gains with the addition of 314 endurance training (16), it appears that concurrent training when compared to solely 315 strength training, compromises strength-related adaptations. Indeed the conflicting 316 findings may be explained by the study design, training status of the participants, the 317 strength and endurance stimuli and the recovery between bouts of exercise (20, 34) . A 318 key point to consider is that in many of the highlighted studies the participants had 319 little or no strength training history and as such made performance improvements as a 320 result of this novel stimulus. This could explain the results of the current study, in that 321 another group of athletes with a longer training history may require a greater level of 322 overload to stimulate adaptation and the improvements in strength (19% increase in 323 1RM), which may affect the overall training volume. 324 325 While 1RM back squat performance has previously been correlated with sprint 326 performance (7, 10, 18, 21, 25, 35) , it has been suggested that assessment of peak 327 force or peak power during squat jumps or countermovement jumps may be a better 328 predictor of sprint performances over distances specific to soccer (11). With jumps 329 divided into slow and fast stretch-shorten cycle (SSC) performance, the 330 countermovement jump is a measure of slow (>250 ms) SSC performance and the 331 drop jump is a measure of fast (<250 ms) SSC performance (37, 38). Cronin & 332 Hansen (11) 
